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Recently, the XENON1T experiment has reported the possible detection of an excess in the
electronic recoil spectrum. Such an excess may indicate the presence of new physics. In this work,
we suggest that the scattering of mirror electrons with ordinary electrons through photon−mirror
photon kinetic mixing with coupling parameter  ∼ 10−10 may account for the excess electronic
recoil events in XENON1T. Moreover, the parameters to interpret the excess of XENON1T electronic
recoil spectrum are roughly consistent with the astronomical observation prediction and other direct
detection experiments.
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I. INTRODUCTION
The existence of dark matter is one of the most mys-
terious question in modern physics. Many experiments,
either direct or indirect, have been carried out to search
for the signals of dark matter particles. Recently, the
electronic recoil spectrum of the XENON1T experiment
has been reported [1] with an unexpected excess at low
energy. Though the significance of this signal is rela-
tively low and the contribution of the tritium background
should be better understood, the possible excess has at-
tracted wide attention. This is because such an excess,
if confirmed, would indicate the presence of new physics,
as widely discussed in the literature [2–28].
In the mirror dark matter model, each of the known
particles has a mirror partner and it interacts with or-
dinary particles through photon−mirror photon kinetic
mixing [29]. Among various candidate particles for dark
matter, the mirror dark matter is interesting and can be
robustly confirmed or ruled out by the XENON1T ex-
periment [30]. In this brief work we examine whether
the mirror dark matter can account for the excess of low-
energy electronic recoil spectrum or not.
Following [29], we assume that the hidden sector of
mirror dark matter is exact the copy of the ordinary mat-
ter sector, so that the Lagrangian is
L = LSM (e, µ, d, γ, ...) + LSM (e
′, µ′, d′, γ′, ...) + Lmix,
(1)
where the particle denoted with ′ represents the corre-
sponding mirror particle. Such a theory is motivated
from the symmetry of left and right handed chiral fields
[29]. The allowed interaction terms, which are consistent
with renormalizability and the symmetries of the theory,
are U(1) kinetic mixing interaction and Higgs−mirror
Higgs quartic coupling [31, 32]
Lmix =

2
FµνF ′µν + λΦ
†ΦΦ′†Φ′, (2)
where Fµν (F ′µν) is the ordinary (mirror) U(1) gauge bo-
son field strength tensor and Φ (Φ′) is the Higgs (mirror
Higgs) field. In this work, we only consider the kinetic
mixing of the photon and mirror photon as the interac-
tion between ordinary and mirror particles because of the
low energy scale compared to the energy of Higgs field.
The astronomical, cosmological observations and the di-
rect detection experiments support the kinetic mixing on
the scale about  ∼ 10−9 (see [29] for a review). And
the mixing about this scale leads to a rise in electron re-
coils due to the electron-mirror electron scattering in the
low energy direct detection experiments [30, 33]. And
we will show in the following that electron-mirror elec-
tron scattering with the kinetic mixing roughly on the
scale 10−11 − 10−9 can yield a low energy excess in the
electronic recoil spectrum of XENON1T .
This work is structured as the following. In Section II
we calculate the electron-mirror electron scattering. We
then examine the role of mirror dark matter in shaping
the electronic recoil spectrum of in XENON1T in Section
III. We summarize our results in Section IV.
II. ELECTRON-MIRROR ELECTRON
SCATTERING
Assuming the mirror particles are totally ionized and
the mass is dominated by H ′ and He′, the mirror electron
number density is
ne′ =
ρ
mp
(1− YHe′
2
), (3)
where ρ is the local dark matter density (ρ = 0.3GeVcm3 )
and mp is the mass of mirror proton (the same as pro-
ton). YHe′ is the mass fraction of He
′ with YHe′ ≡
nHe′mHe/nH′mH + nHe′mHe.
To explain the rotation curves in spiral galaxies, some
previous studies have shown that the mirror dark mat-
ter form a self-interacting spherically distributed plasma
with the temperature of [29, 33, 34]
T ≈ 1
2
m¯v2rot, (4)
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2where m¯ =
∑
nimi/
∑
ni (i=e
′, H ′, He′...) is the mean
mass of the particles in the plasma and vrot is the galactic
rotational velocity (∼ 220km/s for the Milky Way [29,
34, 35]. We have m¯ = mp/(2− 54YHe′) for the dominant
H ′ and He′ components. Thus the gas of mirror electron
will have a Maxwellian velocity distribution
fe(v) = e
− 12mev2/T . (5)
For the interaction cross section, the ordinary and mir-
ror electron interacts through the photon-mirror photon
kinetic mixing, which leads to the mirror electron hold-
ing a charge e [29, 33]. This enables the mirror electron
interacts with free ordinary electron through Rutherford
scatter with cross section in the non-relativistic limit
dσ
dE
=
λ
E2v2
, (6)
where
λ =
2pi2α2
me
(7)
and E is the recoil energy of the target electron and v is
the incoming electron velocity.
In this work, we adopt the approximation made in [30,
33] that the mirror electron scatter with only the loosely
bound Xe electrons with the number of g = 44 [30]. With
this approximation, the differential interaction rate is
dR
dE
= gNTne′
∫
dσ
dE
fe′(v)
k
|v|d3v. (8)
where NT is the number of target Xe atoms per tonne
and k=[piv20(e
′)]3/2 is the Maxwellian distribution nor-
malization factor.
After integration we obtain
dR
dE
= gNTne′
λ
E2
(
2e−x
2
√
piv0(e′)
), x =
√
2E/me
v0
. (9)
III. THE RESULTS
To compare with the experimental result, we need to
convolve the expression of eq.(9) with the energy res-
olution, a Gaussian distribution with energy-dependent
width [1]
dR
dEm
=
1
σ
√
2pi
∫
dR
dE
e−(E−Em)
2/2σ2dE (10)
where Em is the measured recoil energy and σ is the
detector averaged resolution[36], and
σ = Em × (31.71
Em
+ 0.15)%. (11)
And we also need to take into account the detector
efficiency, which is reported in [1]. So the final expression
to be compared with the data is
dR
dEm
=
1
σ
√
2pi
∫ 210keV
1keV
dR
dE
e−(E−Em)
2/2σ2dE × α(Em)
(12)
where α(Em) represents the detector efficiency. The re-
sults are show in Fig.1. The signal of mirror electron
scattering contributes to a peak below 2keV, as predicted
by [30, 33]. We therefore just found a rough consistency
with the XENON1T data for  ∼ a few × 10−10. Such a
parameter is consistent with the previous astrophysical
prediction and other direct detection experiments such
as CoGeNT [29] and CDMS [33] and the astrophysical
and cosmological predictions [29].
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(a)YHe′ = 0.9,  = 2.3× 10−10
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(b)YHe′ = 0.8,  = 3× 10−10
FIG. 1: Mirror dark matter supported by the XENON1T
data. The orange line is the background in [1] (B0 +
3 H).
The red line is the signal from mirror electron scattering and
the blue line is the total events predicted by the model. The
parameters used is shown in the sublabel.
Assuming some mirror electron boost machine process
[23, 38] and considering the uncertainty for the estima-
tion of the mirror electron velocity, we take the v0, which
represents the equivalent temperature, as a free param-
eter. The result is shown in Fig. 2, which provides a
better result than the case of the fixed v0. However, the
required V0 ∼ 0.1c seems to be too high, where c is the
speed of light. We consider this result preliminary and
3directive in our future work.
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FIG. 2: The same as Fig.1 with v0 a free parameter. Here we
use v0 = 0.1c, YHe′ = 0.8,  = 1.2× 10−11, where c represents
the speed of light.
IV. CONCLUSION
In this work, we suggest that the mirror dark mat-
ter model may account for the low energy electronic re-
coil spectrum in XENON1T. The allowing parameter
space ( ∼ 10−11 − 10−9) is consistent with other di-
rect detection experiments and the astrophysical, cosmo-
logical prediction. In 2020, several experiments such as
XENONnT[39], LUX-ZEPLIN[40], PandaX-4T[41], will
start their performance. In a few years, the electronic re-
coil spectrum, in particular in the low energy range, will
be independently measured by these experiments with
much higher accuracy. The mirror dark matter interpre-
tation for the current potential excess will be stringently
tested.
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